The reaction of lithium acetylenide (R-C≡CLi, where R = Ph, Pentyl) with β-dimethylamino vinyl ketones [X-4-Ph-C(O)CH=CH-NMe 2 , where X = F, Cl, Br, NO 2 ] in the presence of BF 3 •OEt 2 is described. The regiospecific formation of (E)-1-aryl-2-alken-4-yn-1-ones, the 1,4-addition products, was observed in moderate to good yields.
Introduction
Conjugated enynes are fundamental building blocks in organic synthesis. 1 These moieties are found to be integral parts of highly potent antitumor, 2 and antifungal agents, 3 and first line components of antiretroviral therapy. 4 Terbinafine (Lamisil™) 3 is one example of an enyne derivative in clinical use. In addition, in many systems rigidification has been an efficient method used to increase the activity of a drug or to reduce its side-effects. This strategy locks the drug molecule into a more rigid conformation such that it cannot take up other shapes or conformations. One such method is to incorporate a rigid functional group such as an alkyne in the drug candidates. 5 The synthesis of enynes has received special attention during recent decades, and new methods for their preparation have been developed. The most employed protocol for the synthesis of such compounds has been the palladium-catalysed cross-coupling reactions between vinyl halides and terminal acetylenes. 6 On the other hand, the reactions of acetylenes with α,β-unsaturated ketones have been scarcely reported. With regards to β-dimethylaminovinyl ketones, Mellor et al. 7 demonstrated the reaction of 4-dimethylamino-1,1,1-trifluoro-3-buten-2-one with alkyl(aryl)acetylenes based on Grignard and organolithium reagents. In these reactions only a single example in moderate yield (37%) was reported using organolithium reagents. Martins et al. 8 also reported the preparation of a series of halo-enynes with good yields, which have been used for the preparation of heterocycles.
In recent years, we have developed a general synthesis for a large number of 1,1,1-trihalo-4-methoxy-3-alken-2-ones 9,10 important halogen-containing building blocks and have demonstrated their usefulness in heterocyclic preparations, for example, isoxazoles, pyrazoles, pirazolium chlorides, pyrrolidinones, pyrimidines, pyridines, thiazines and diazepines. 10, 11 In the continuation of our program to develop new halogen-containing building blocks, we are developing a methodology to synthesize a series of halo-enynes. Since the conjugated enynes are found to be important building blocks and essential units in a variety of biologically active compounds, the aim of this work is to report the synthesis of a series of novel conjugated enynes from the reaction of lithium acetylenide with β-dimethylaminovinyl ketones under Lewis acid promotion (Scheme 1).
Results and Discussion
Enaminones are versatile synthons for the synthesis of a variety of compounds, and their preparation has been recognized for some time. The convenient synthesis of β-dimethylaminovinyl ketones from the reaction of aryl ketones and formamide acetal has already been reported. 12 In this study, the β-dimethylaminovinyl ketones 3 were prepared in good yields (68 -98%) by the one-step reaction between substituted ketones, N,N-dimethylformamide dimethyl acetal and boron trifluoride diethyl etherate (BF 3 •OEt 2 ) in toluene under reflux for 24 hours. 12, 13 The enaminones were obtained in (E)-configuration because the coupling constant was around 3 J H3-H4 = 12 Hz. The structures of 3a-d were confirmed by NMR spectroscopy ( 1 H and 13 C) and MS spectra.
The synthesis of compounds 4a-d and 5a-d was carried out from the reaction of acetylene 1 with butyl lithium and the subsequent reaction with the corresponding electrophile agent 3, in the presence of 2 mol-equiv of BF 3 •OEt 2 (Scheme 1). Firstly, the lithium acetylenides were generated from the respective acetylenes 1,2 using BuLi in THF, at -20 °C for 30 min. In a second step, the reaction between β-dimethylaminovinyl ketones 3 and lithium acetylenides was carried out using BF 3 •OEt 2 , -15 °C for 2 hours, and THF as solvent. The transformation was completed after being stirred at room temperature for 16 hours. Under this condition, a regiospecific 1,4-addition was observed, furnishing the products (4a-d, 5a-d) in 63-80% yield. This finding is in accordance with a previous report from the literature, in which organolithium reagents were preferentially added to α,β-unsaturated ketones in a 1,4-mode. Moreover, few cases can be found of 1,2-addition to the carbonyl-carbon using these reagents.
14 The charge controlled 1,2-addition and orbital controlled 1,4-addition theories have been used to explain the addition reaction of organometallic reagents with α,β-unsaturated carbonyl compounds. 7, 15 Organolithium reagents (hard nucleophiles) react by a 1,2-addition, and organocopper reagents (soft nucleophiles) react by a 1,4-addition. 7, 15 The reactivity of Grignard reagents is situated between that of the organolithium and organocopper reagents. In the reaction conditions used in our laboratory, the results show that the reaction of 1,2 with 3 favored the formation of 1,4-addition products. We believe that, for these substrates, the synthesis of 1,4-addition products, was additionally favored because the organolithium reagents were used in the presence of boron trifluoride diethyl etherate. This fact led to the formation of an alkynyl trifluorborate, a soft nucleophile, 16 as shown in Scheme 1. 
Scheme 1
The best molar ratio for the reaction between lithium acetylenides and enaminones was 1:1, respectively. Lower yields were found when other molar ratios were used. In order to improve the product yields, we used 2 mol-equiv of boron trifluoride diethyl etherate. Based on the results, 8 show chemical shifts at the ranges of δ 6.89-7.17 ppm and δ 7.13-7.46 ppm for H3 and H2, respectively after the addition of acetylenides 1,2. Thus, one can conclude that the triple bond presented a deshielding effect for the hydrogen H3 at around 1.2-1.5 ppm and on the other hand, their electronic effect was to shield the H2 at around 0.3-0.6 ppm. 
Conclusions
In summary, we have shown that in the presence of boron trifluoride diethyl etherate that regiospecific 1,4-addition of lithium acetylides can be carried out with a variety of β-dimethylaminovinyl ketones in moderate to good yield. The use of 2 mol-equiv of this Lewis acid was required to improve the product yields, as their presence in lower amounts reduced the reaction rate and the yields of enynes 4a-d, 5a-d. Future work will focus on utilizing this chemistry to prepare novel enynes-containing substances of pharmacological interest. 
